j Abstract This study modeled children's trajectories of teacher rated aggressive-disruptive behavior problems assessed at six time points between the ages of 6 and 11 and explored the likelihood of being exposed to DSM-IV qualifying traumatic events and posttraumatic stress disorder (PTSD) in 837 urban first graders (71% African American) followed-up for 15 years. Childhood trajectories of chronic high or increasing aggressive-disruptive behavior distinguished males more likely to be exposed to an assaultive violence event as compared to males with a constant course of low behavior problems (OR chronic high = 2.8, 95% CI = 1.3, 6.1 and OR increasing = 4.5, 95% CI = 2.3, 9.1, respectively). Among females, exposure to traumatic events and vulnerability to PTSD did not vary by behavioral trajectory. The findings illustrate that repeated assessments of disruptive classroom behavior during early school years identifies more fully males at increased risk for PTSD-level traumatic events, than a single measure at school entry does. 
Introduction
Posttraumatic Stress Disorder (PTSD) is a syndrome of three symptom clusters, re-experiencing, avoidance and numbing, and hyper-arousal, caused by an exposure to a traumatic event. According to DSM-IV, the disturbance must last at least one month and cause clinically significant distress or impairment. A majority of adults are exposed to traumatic events at some point in their lives, however, only an estimated 5-10% develop PTSD [6, 17, 23, 36] . A sex-related pattern consistently found in PTSD studies indicates that (1) males are more likely to experience traumatic events, in particular, events that involve assaultive violence, serious accidents, and witnessing violence and (2) females have a higher probability to develop PTSD following trauma [48] .
Additional efforts are needed to identify those susceptible to the disorder as early as possible in order to develop efficient and effective prevention approaches [30] . In the U.S., over one out of every two individuals has experienced a traumatic event involving victimization or witnessing violence by young adulthood [6, 10] . In general, differences in the overall occurrence of lifetime trauma reported by youth in high-crime urban environments vary little from those experienced in nonurban areas. However, substantial differences between residents of urban vs. nonurban areas have been reported in the severity or types of traumatic events [6] . The likelihood of certain types of events of greater severity occurring in urban inner city areas may in part account for higher conditional probabilities for PTSD among disadvantaged ethnic minorities [24, 31] . Conduct problems or preexisting externalizing problems have been associated with exposure of traumatic events [12, 20, 27] and the conditional probability of PTSD [3, 16, 24, 26, 27] . However, research on childhood risk factors for trauma exposure and PTSD has relied largely on retrospective data. In this report, we seek to gain a better understanding of the risk for exposure and PTSD conferred by early conduct problems assessed during the early school years. Teacher rated behavior problems at entry into primary school (approximately age six) have been linked with the likelihood of subsequent exposure to traumatic events in two U.S. longitudinal studies [8, 46] . In one of the studies, behavior problems also increased the likelihood of PTSD following exposure [8] . Teacher rated antisocial and hyperactivity behavior averaged over the ages of 5-11 has also been found to be associated with increased risk of trauma exposure and adverse responses to traumatic events in a cohort of New Zealand young adults [27] . However, early childhood aggressive-disruptive behavior is not stable [2] and can be modified by familial and school influences [21, 29] . Thus relying on an average or an assessment assessed at a single time point may not be a reliable predictor to classify children at risk for suspected outcomes in adolescence and young adulthood [37] [38] [39] . While children with fairly stable behavioral trajectories throughout the early school years will be correctly identified by a cross sectional snapshot at any age, youth with changing behavior patterns, will have a higher probability of being misclassified if assessed only once. Thus, the pattern or behavior trajectory derived from multiple assessments overtime might improve the identification of children at high risk for exposure to trauma and PTSD.
For this report, we use gender specific early problem behavior trajectories identified from teacher reports of aggressive-disruptive behavior spanning from ages 6-11 gathered on an urban cohort subsequently followed for 15 years. Previous work on this cohort has identified three aggressive behavior patterns that differed in severity among females, a stable high, a stable moderate and a stable low aggressive trajectory pattern; whereas among males, an increasing aggressive trajectory was identified, in addition to a stable low and stable high trajectory pattern [37, 38, 41] . The behavioral trajectories have been found to differ significantly on several adolescent and adult outcomes, including self reported antisocial behaviors and official court adjudication records [40] , providing construct validity for the trajectory classes. Using a similar approach, we examine the link between the various aggressive-disruptive trajectories and the cumulative prevalence of exposure to traumatic events through young adulthood. Among both males and females, we expect a stable trajectory pattern of high aggressive behavior between the ages of 6-11 to be associated with an increased exposure to traumatic events, especially those involving assaultive violence. An additional hypothesis that we examine only among males is that a trajectory of increasing aggressive behavior in early childhood (low at age 6 but became high in subsequent years) might be associated with increased exposure to traumatic events, especially those involving assaultive violence and predict an increased risk for PTSD. The optimal prevention of PTSD is the reduction of a persons' risk of exposure to traumatic events, as a subset of the population with greater risks for exposure to traumatic events have a higher probability of the occurrence of PTSD. Thus, evidence that early development of disruptive/aggressive behavior increases the risk for subsequent exposure to traumatic events (especially those involving violence, which carry a higher risk of PTSD) has important implications for the prevention of the disorder.
Methods j Participants
Data are from a prospective study conducted within the context of a 2 year group randomized prevention trial targeting early learning and aggression [18, 22, 47] . During two successive school years (1985 and 1986), a total of 2,311 youths entered 43 first grade classrooms in 19 primary schools within a single public school system of a mid-Atlantic city in the USA. Schools were selected from five different urban areas that varied by ethnic composition, type of housing, income, and other US Census characteristics; three or four schools were selected within each area. All students on the first grade rosters were recruited and participation rates in the prevention trial were very high (92%). This study focuses on the 1,339 students randomly assigned to the control classrooms within the evaluation design to allow us to model the natural behavioral trajectories without any intervention influences [22] . At entrance into first grade, the average age was six years (girls: M = 6.2, SD = 0.4; boys: M = 6.3, SD = 0.5) and the majority of the students were African-American (see Table 1 ). Fifteen years later, nearly 75% of the surviving controls participated in personal interviews that included an assessment of lifetime traumatic experiences and PTSD (four females and 15 males were confirmed dead by a National Death Index search and/or an immediate family member).
A small proportion of the controls did not have a fall of first grade teacher rating of behavior (80 females and 78 males) or had additional baseline covariate information missing (n = 44) and were consequently not included in our models, leaving us with an analytic sample size of 837 (62% of all the controls). The characteristics of these 837 individuals were similar to the entire sample of controls at baseline. However, attrition was slightly greater among males and Whites (see Table 1 ). Study protocols were approved by the institutional review board (IRB) of Johns Hopkins University and Michigan State University's IRB also approved data analysis activities. Parental signed consent and child assent were obtained for the childhood assessments, followed by signed consent from each participant after age 18.
j Assessment design
Data for this study were gathered in the fall and spring of first grade, the spring of second to fifth grades, and at the young adult follow-up assessment when participants were 20-23 years of age (mean age = 21 years, SD = 1.0). Central computerized school data sources provided data on free lunch eligibility, race, and standardized reading readiness scores assessed at the beginning of primary school. First grade assessments included teacher reports of child behaviors and peer rejection. Peer rejection and neuropsychological deficits such as attention problems have been found to be higher among youth with high levels of aggressive behavior [32] . Then for four more subsequent years (grades 2-5), teachers reported on the aggressive-disruptive behavior for each child. In early adulthood, exposure to traumatic events and PTSD were assessed as part of a 90-min standardized interview administered by experienced lay interviewers without special clinical training or credentials [7] . j Measures
Childhood behavior
Teachers were guided through the Teacher Observation of Classroom Adaptation-Revised (TOCA-R), a structured interview of 36 items pertaining to a child's adaptation to classroom task demands over the preceding 3-week period by a trained assessor [50] . A child specific rating for each item was obtained using a six-point frequency scale (1 = ''almost never'' to 6 = ''almost always''). The subscales for two domains, aggressive-disruptive behaviors and attention-concentration problems, were used for these analyses. Subscale scores ranged from 1 to 6 and were derived by summing the responses and dividing by the number of items. A higher score reflects more problematic behavior. Aggressive-disruptive behavior was assessed by the following 10 items: breaks rules, harms others and property, breaks things, takes others property, starts fights, lies, trouble accepting authority, yells at others, stubborn, and teases classmates. On average, girls scored 0.26 of a standard deviation lower than boys in this sample across time. Data from the six assessments occurring in primary school were used to model the growth in aggressive-disruptive behaviors: the first teacher rating was assessed shortly after entry into first grade and then for the next 5 years teacher ratings were obtained in the spring.
Attention-concentration was assessed by the following 8 items: unable to or does not complete assignments, concentrate, work well alone, pay attention, learn up to ability work hard, stay on task, is not eager to learn, and poor effort. In terms of concurrent validity, each single unit of increase in teacher rated attention-concentration problems was associated with a two-fold increase in risk of teacher perception for the need for medication for such problems. The testretest correlations over a 4-month interval and across different interviewers were above 0.6 and internal consistency reliabilities (Cronbach alpha) exceed 0.8; the aggressive-disruptive subscale ranged from 0.92 to 0.94 over grades 1-5. First grade teachers also rated peer rejection based on a single item ''rejected by classmates,'' on a frequency scale covering total acceptance to total rejection. This item has been found to correlate significantly with peer nominations (not reported in this study) for the questions ''which kids don't you like?'' (Pearson r = 0.43) and ''which kids are your best friends?'' (r =)0.58).
Reading achievement
Standardized reading readiness scores assessed at the beginning of primary school were based on the California Achievement Test (CAT, Forms E & F) [49] . The CAT, one of the most frequently used standardized achievement batteries, was standardized on a nationally representative sample of 300,000 children. The internal consistency coefficient for the reading subscale exceeded 0.90. Alternate form reliability coefficients exceed 0.80 [49] .
Family environment
Given the role of economic deprivation in youth involvement in antisocial behavior and the fact that in urban environments Afri- Table 1 Gender specific sample characteristics at baseline and of those included in the analytic sample of the general growth mixture modeling (GGMM) Baseline (n = 1,339) GGMM analytic sample (n = 837) can-American youth are more likely than European-American youth to experience poverty [19] , we also controlled for the effects of race (minority vs. nonminority as reference) and free lunch status in first grade (a proxy variable for family poverty). Free lunch eligibility has been found to correlate highly with family income and other traditional measures of socioeconomic status [13] .
Traumatic events and posttraumatic stress disorder (PTSD)
As part of the young adulthood follow-up, the history of lifetime exposure to 18 types of DSM-IV qualifying traumatic events was assessed. The traumatic events included: serious car accident; other serious accident; natural disaster; life-threatening illness; child's life-threatening illness; witnessed killing/serious injury; discovering a dead body; learning of a close friend/relative who was attacked, raped, sexually assaulted, in a serious car accident or other serious accidents; learning of sudden unexpected death of a close friend/ relative; and six other events that were also categorized as being a victim of assaultive violence. The assaultive violence events included: rape, badly beaten up, held captive/tortured/kidnapped, shot/stabbed, mugged/threatened with a weapon, and sexual assault other than rape.
Respondents were asked to identify the most upsetting traumatic event (the worst event) they had experienced from the complete list of traumatic events they reported. PTSD was evaluated in connection with the worst event, using the PTSD section of the World Health Organization composite international diagnostic interview (CIDI), Version 2.1 [51] , which is modeled after the National Institute of Mental Health-Diagnostic Interview Schedule (DIS) [40] . Large scale epidemiologic studies generally employ the worst event method, which is an efficient alternative to assessing PTSD for all traumatic events [5, 9, 24] . It greatly reduces respondent burden and it focuses the attention to the event most likely to cause symptoms. When PTSD is assessed for multiple traumatic events, only a few additional cases are identified who do not develop PTSD following the worst event [4] . A validation study has found good agreement between the standardized interview and independent clinical re-interviews [7] .
j Statistical methodology
General growth mixture modeling (GGMM) was used to estimate growth parameters (i.e., intercept, slope, quadratic slope) associated with latent variables (growth factors) manifested by repeated measures of teacher-rated classroom aggressive-disruptive behavior over time separately for each gender [33, 35] . GGMM attempts to capture sample heterogeneity by representing the population distribution by two or more distinct ''classes'' of developmental trajectories with random variability around the mean trajectories within each class while simultaneously regressing the identified classes on the outcomes of exposure and PTSD. The Mplus Version 4.1 statistical software package [34] uses a full information maximum likelihood estimation under the assumption that the data are missing at random [1, 28] , which is a widely accepted way of handling missing data [35, 42] . Parameter estimates were based on all available time points for a given case; 75% of the participants had at least four of the six assessment time points from first to fifth grade. Time was treated as a fixed parameter in the models and time points were fixed incrementally based on the spacing between assessment sessions (e.g., fall first grade fixed at zero, spring first grade fixed at 0.5, spring second grade fixed at 1.5, etc.). Bayesian Information Criterion, BIC [44] , was used to select the best model.
We present odds ratio estimates from models that do not include any covariate influences on the class trajectories as well as estimates from models where covariates were included. Details of the modeling strategy that had already identified three sex specific classes and their association with antisocial outcomes in this cohort, including model fit indices and defining characteristics of the different trajectories are reported elsewhere [41] . Below we briefly highlight some of the important aspects of the modeling strategy. To avoid an over-specified model and non-identification, we constrained the effects of covariates on growth parameters to be the same across classes because covariances between intercept/ slope, intercept/quadratic slope, and slope/quadratic slope factors were not statistically different from zero. We did not assume that the starting point of the aggressive-disruptive trajectory would affect development over time and did not control for any associations between the starting point and course over time.
In all models, standard errors were adjusted to account for the clustered sampling design (i.e., students within classrooms within schools). Furthermore, all analyses used automated multiple starting values [10 initial] in the optimization to reduce the risk that solutions represent local rather than global optima. Even though others have reported that PTSD before age 11 is rare [11, 15] , we took into account the possibility that early experiences could alter the behavior trajectory. The behavior trajectories and regression estimates did not change appreciably when individuals with traumatic events occurring before or during the timeframe used to model the behavior trajectory pattern were excluded (78 males and 84 females). To help stabilize the estimates which become an issue when subgrouping on many variables we chose to present the findings including these individuals.
Results j Descriptive statistics
The vast majority (83%) of the sample had experienced at least one traumatic event by the time we interviewed them in their early 20s, and 9% of those exposed met criteria for lifetime PTSD. An estimated 47% had experienced at least one assaultive violence event. A greater proportion of males experienced a traumatic event than females, with only 12% of the males indicating they had not experienced any of the events listed as compared to 22% of the females. Males also were more likely than females to experience an assaultive violence event (64 vs. 32%, respectively, v 2 (2) = 95.1, P < 0.001). The proportion of exposed persons meeting PTSD criteria was lower in males than females (8 vs. 11%, respectively), but the difference was not significant (v 2 (2) = 1.58, P = 0.21).
j Growth models and trajectory classes, exposure to traumatic events and the conditional risk of PTSD Three distinct behavior trajectories were found among the males as well as among females in unadjusted models and in models where covariates were included (Fig. 1) .
Covariates that according to theory should distinguish classes, were found to vary statistically between classes in the expected directions (Table 2) , providing evidence that the derived classes represent meaningful population heterogeneity. A three-class solution was found to be optimal among males and showed good precision in class membership estimation (model without covariates: BIC = 6921.2, entropy = 0.75; model including covar-iates: BIC = 6067.7, entropy = 0.79). The three distinct aggressive-disruptive behavior trajectories identified were: a persistent chronic high aggressive-disruptive behavior trajectory (19% of males); an increasing aggressive-disruptive behavior trajectory (47% of males); and a stable low aggressive-disruptive behavior trajectory (34% of males). Table 3 provides the cumulative prevalence of exposure to any traumatic event and to assaultive violence traumas for males classified into the three behavioral trajectories as well as odds ratio estimates. Relative to males with stable low aggressive-disruptive behavior, males in the increasing and chronic high aggressive-disruptive behavioral classes were three-four times more likely to experience assaultive violence events. No differences were noted between the class memberships and exposure to any traumatic event. While the association between assaultive violence trauma for males in the chronic high class did not differ significantly from the association for males in the increasing aggressive-disruptive behavior class, the prevalence of exposure was higher for males in the increasing aggressive-disruptive trajectory. The prevalence of PTSD was also highest among males with increasing aggressive-disruptive behavior than males in other behavior groups, however, no differences were detected in the conditional risk for PTSD following exposure to a traumatic event across the three behavioral trajectory classes.
A three-class solution was also found to be optimal among females (model without covariates: BIC = 5925.6, entropy = 0.80; model including covariates: BIC = 5585.4, entropy = 0.87). The female model identified three distinct trajectories of aggressive behavior: a chronic high aggressive-disruptive behavior trajectory (9% of females), a low moderate aggressive-disruptive behavior trajectory (56% of females); and a stable low aggressive-disruptive behavior trajectory (35% of females). Table 3 shows little difference in the cumulative prevalence of exposure for the three female behavioral trajectories. Contrary to the finding in males, membership in the class with the highest aggressive behavior trajectory (i.e., chronic high) did not increase a female's likelihood for exposure to assaultive violence events, relative to females in the stable low/medium and stable low classes. Similar to the findings in males, no association was detected between the conditional risk for PTSD following exposure and class trajectories in females.
Discussion
Our findings indicate sex differences in the course of early childhood aggressive-disruptive behavior might Timepoints of teacher behavior ratings (Spring) Mean aggressive-disruptive behavior score Fig. 1 Female and male trajectories of aggressive-disruptive behavior over time, adjusted for the effects of covariates (race, free lunch status, concentration problems, peer rejection, and reading achievement) a aOR from models including all other covariates listed with the gender specific stable low aggressive-disruptive behavior trajectory as the reference group b Scores standardized around the mean in part account for sex differences in experiencing traumatic events. Among females, there was very little variation in the association linking the various trajectories of aggressive-disruptive behavior with exposure to traumatic events. Contrary to our expectations, females in the stable high class did not experience increased exposure to assaultive traumatic events. In contrast, among males, two different behavioral trajectory groups (chronic high and increasing aggressive/disruptive problems) were associated with an increased probability of experiencing assaultive violence by young adulthood. Noteworthy is the finding that the odds of being exposed to assaultive violence and the frequency of PTSD (due to higher occurrence exposure) was the highest among males with an increasing problem trajectory; even higher than among males with persistently high levels of aggressive-disruptive behavior initially detected at age 6 (the chronic high trajectory). It appears that a single behavioral assessment at an early age (e.g., entry into first grade) would be grossly inadequate for identifying males at risk for traumatic events. We found no evidence that the course of early aggression was associated with the probability of PTSD following exposure, that is, early aggression had no relationship with the PTSD-response to traumatic events. However, because subsets of the population with higher risk of exposure to traumatic events have higher occurrence of PTSD, the optimal prevention of PTSD is the reduction of persons' risk of exposure to traumatic events. This paper builds on previous studies by bringing in a developmental perspective that stresses that research examining childhood risk factors needs to consider the developmental course, which includes not only changes that occur with age but also gender differences. Few studies have addressed the developmental course of early childhood factors and how they may relate to trauma exposure and PTSD among community epidemiologically defined cohorts. Our findings demonstrate that the risk estimate of the association is very dependent on the age at which it is assessed. Furthermore, since the course of aggressivedisruptive behavior in early childhood varies by sex, an approach that begins by exploring the association within the female and male subsamples separately is necessary.
The interpretation of the results should take into account several limitations and strengths of the study. Attrition is always a concern in prospective studies, although follow-up over the 15 year period from childhood to the mobile life stage of young adulthood was very good. Maladaptive behavior in early childhood was rated by teachers who are familiar with children's functioning in school environments. However, respondents' accounts of past events-even traumatic events that might be expected to be memorable-are subject to reporting errors. In this study, the occurrence of lifetime trauma and PTSD was assessed at a young age (mean 21 years), which may attenuate concerns of recall bias. The assessment of PTSD was conducted by non-clinicians, using a structured interview without access to supplementary information that might be elicited by clinicians. Blind clinical assessments have found high concordance with the structured interview and assessment procedure [7] . A range of other factors, including family or genetic factors, were not measured and it is possible that the mechanisms underlying the exposure to non assaultive violence traumatic events and the development of PTSD are different from those involving assaultive violence. Previous studies have found that children with high levels of behavior problems as rated by teachers at an early age were at increased risk for exposure to traumatic events [27] , particularly assaultive violent events [8, 46] . This study advances these previous findings by suggesting that the trajectory or age at which behavior is assessed in early childhood may be a critical component for accuracy as well as suggesting possible mechanisms when estimating the link between maladaptive behavior and traumatic exposures and PTSD. For example, assessments of behavioral problems at the start of schooling may represent more faithfully early predispositions. Whereas as proposed in a model of conduct disorder in relation to early neurodevelopmental deficits [36] , adolescent behavior becomes increasingly influenced by environmental responses. Thus, our findings suggest that a group of vulnerable individuals may be identified by their behavioral responses when challenged with the task of beginning schooling, but there may also be a group of individuals at increased risk that emerges as their behavior is formed in response to external conditions. A substantial number of males who were not rated as having high levels of aggressive-disruptive problems at age 6 were captured only when taking into account their longitudinal pattern of behavior over the subsequent few years.
Our findings are consistent with the literature suggesting a possible gender specific etiologic role of antisocial behavior increasing risk of exposure to assault [12, 45] . The small sample size and relatively low occurrence of PTSD diminished our statistical power to declare with certainty how our findings agree or differ from others who find an association between externalizing behavior and the conditional risk of PTSD [26] . Replications in larger cohorts are needed as neurocognitive models postulate that self regulation or behavior adaptation influence the susceptibility to PTSD symptoms [25] . This study failed to detect an increase in cumulative occurrence of PTSD among individuals with a history of stable high aggressive-disruptive behaviors. However, alternative explanations must be ruled out, such as under reporting of symptoms by young adults with antisocial personality characteristics and desensitization, where long term chronic exposure to violence as a part of inner-city life may diminish the reaction to traumas [14, 43] .
Considering the potential benefits of reducing posttraumatic psychopathology, it is important to develop better means of identifying traumatized individuals who may require interventions to prevent the development of impairment associated with PTSD. Stable factors, such as gender, may be useful in identifying individuals most vulnerable to exposure and PTSD at almost any assessment obtained at any time, but a malleable variable, such as behaviors, can provide better information for interventions. The manifestation of psychopathology may change depending on the developmental stage of the individual. Our findings illustrate the importance of monitoring behavior changes during childhood when exploring the link between aggressive-disruptive behavior and exposure to traumatic events. They suggest that the etiological role of childhood externalizing behaviors in increasing the risk of experiencing a traumatic event differs by gender. Future research may provide a better understanding of the mechanisms of how a behavioral risk factor and its timing may change or interact with brain development.
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